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An electric machine construction and a method for an electric machine 

3^ Ofrr&i mri ; 



t> The present invention relates to ^tonsX 



to be 

used, for example in connection with electric motors. The invention relates farther to a 



(9 



used in connection with, for example, 



methodA-,- 
electric motors. 

It is prior known to arrange cooling of eg. an electric machine, especially the input and/or 
output (blow in/out) of the cooling air, from one end thereof, usually by means of a fan 
arranged to said one end. The air is blown by means of the fan or blower such that the air 
is forced to enter into the machine housing. The air may even be pressurized over the 
atmospheric pressure so as to ensure the flow thereof into the machine housing and 
subsequently out of the machine housing. 



A motor-actuator combination, such as a motor + a pump or a compressor, is usually 
arranged such that the motor and the actuator are mounted as separate units either to a 
same bed or even to separate beds. In the known structure the power output of the motor 
is usually arranged to the other end thereof only, ie. it has not been possible to provide 
more than one single actuator device. In case of two output shafts, the additional second 
shaft is usually only adapted to extend through the per se conventional other end including 
the fan. 



The presented solutions, however, do have several disadvantages. For instance, the blower 
based supplying of the air has not in all instances been enough to provide a sufficient 
cooling of the entire construction. The conventional cooling arrangements, when combi- 
ned with the solutions enabling power output from both ends of the electric-motor, have 
presented some overheating problems, as the original design is not intented for any kind of 
shafts extending through the blower means at the other end. In addition, the provision of a 
closed or open symmetrical cooling, and thus a uniform cooling of the machine, has 
proven to be difficult. The cooling by means of a blower has itself increased the tempera- 
ture of the cooling medium, ie. the air, since the temperature of the air increases as the 
pressure increases. No satisfying solution for a closed circulation of the medium has been 
suggested. Furthermore, the mutual adjustment of the motor and the actuator at the 
assembly site has proven to be a labour consuming and difficult operation. In addition, 
small relative movements may occur between the actuator and the motor disposed on 
separate beds during the use thereof. The mutual positioning thereof is not always assemb- 
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led correctly, or it changes during the use. The incorrect mutual positioning and/or the 
unwanted relative movements usually lead in general into leaks and/or additional wear of 
other parts, such as bearings. 

The present invention seeks to overcome the disadvantages of the prior art and to provide 
a new type of construction and a method for the electric machines. The inventions seeks to 
provide a cooling arrangement and a method which itself does not give any rise to the 
temperature of the machine construction. The inventions seeks also to provide an electric 
machine construction and a method which enables an uniform cooling arranged in a 
symmetrical manner. In addition, the invention seeks for a provision of an electric 
machine construction which provides a possibility for an improved attachment solution of 
an actuator to the both ends of the machine. The invention seeks also for a provision of a 
solution which enables an integrated motor-actuator assembly. The invention seeks further 
to obtain a machine construction having such end portions thereof which form also the 
means for attachment of the machine. A still further object is a solution which enables a 
closed circulation of the cooling medium. 

The invention is based on the basic idea that by providing a machine construction and a 
method in which the cooling medium or fluid is arranged to be conducted inside a stator 
space in a vacuum or suction aided manner through at least one opening in the shell 
thereof, a design and a method is provided which implements the objects set for the 
invention. The machine construction is preferably such that the circulation of the cooling 
medium or fluid occurs symmetrically, such as by providing the supply of the medium 
through the shell of the stator space and the removal thereof symmetrically at the both 
ends of the construction or closely adjacent to the ends. The construction according to a 
preferred form of the invention allows an arrangement in which the end portions of the 
machine receive the attaching members of the actuator and also, if desired, an^arrange- 
ment in which the end portions function as means for attaching the entire assembly to the 
bed. 



More precisely, the construction according to the present invention is mainly characterized 
bjwfeaHs-^i&stes^ The method 

according to the present invention is mainly characj^ 
--ded~eteirr^ 



Several advantages are obtained by means of the present invention. The cooling of the 
machine which is constructed according to the principles of the present invention occurs 
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evenly and the cooling is enhanced when compared to the prior art solutions. Mounting of 
a motor and actuator assembly is eased and quickened essentially, while the amount of 
required separate mounting stands is decreased and said assembly becomes more simple 
from the general construction thereof. The assembly according to the invention is econo- 
mical to manufacture, for instance due to the smaller amount of various parts. In addition, 
the reliability of the motor and actuator assembly is improved, for instance due to the 
improved accuracy in mounting and lowered risk for relative movements between the 
various components of the assembly. 

In the following the present invention and the other objects and advantages thereof will be 
described in an exemplifying manner with reference to the annexed drawings, in which 
similar reference characters throughout the various figures refer to similar features. It 
should be understood that the following exemplifying description is not meant to restrict 
the invention to the specific forms presented in this connection but rather the present inven- 
tion is meant to cover all modifications, similarities and alternatives which are included in 
the spirit and scope of the present invention, as defined by the appended claims. 

^f#4 ^et&afe:^ @4 -the Vr^i n^s : 

Figures la and lb disclose a motor according to the present invention from two directions. 

Figure 2 discloses a sectional view of the motor structure. 

Figures 3a, 3b and 3c disclose one assembly from three different directions. 

Figures 4a, 4b and 4c disclose, partially in section, some additional embodiments. 

In some of the figures a part of such contours, which are not visible in the reality but are 
disposed beyond the surfaces between them and the viewer, are presented by dashed lines. 
In addition, in some figures the dashed lines are presented to indicate the center lines of 
the apparatus. 

Figures la and lb disclose a motor construction 10 according to the invention from the 
side and respectively form the end thereof such that a possible actuator attached therein 
has been omitted. The motor construction 10 comprises an essentially cylindrical body * 
portion 8 or a body shell. The rotor and stator members of the motor are positioned within 
said shell in a manner per se known by the skilled person (see figure 2). 

An end plate 6 is attached to both ends of the body portion 8. The end plate 6 extends at 
least in one side of the motor over the width of the body portion 8 such that it forms a 
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mounting support 5, as is shown by figs, la and lb or 3a and 3b. It can be noted that the 
housing structure of the motor 10 is formed from only three per se simple pieces, from 
which the end plates 6 are identical with each other. 

Power output shafts 4 are provided at both ends of the motor. This is enabled eg. by the 
constructional arrangement disclosed by figure 2. According to that the cooling air or 
similar fluid is drawn by means of a suction through the shell 8 of the motor via openings 
14 in a manner designated by the arrows into the stator space 9, wherein the suction is 
generated by the rotation of the rotor 20. The air is thereafter circulated symmetrically 
inside the stator space, as is designated by the additional arrows. To generate the suction, 
the rotor shaft 20 may be provided with fans 13. In Figure 2 the air which flows symmet- 
rically within the motor, as is designated by the arrows, leaves the stator space 9 through 
removal openings 12 provided in connection with the ends 6. Thus the solution provides a 
symmetrical cooling for the entire machine. The arrangement is such that the air is not 
blown into machine, and the air is thus not pressurized as it enters the machine, but that 
the air is instead drawn into the machine by means of the suction generated by the rotation 
of the rotor and the fans 13. As a matter fact, some throttling occurs in the suction 
openings 14, said throttling cooling the circulating air. This is an opposite effect to the 
solutions based on blowing, in which the air tends to heat as it is pressurized, and in 
which the amount of heating may be essentially high. By means of an appropriate shaping 
of the grooves of the rotor 20 it is even possible to further effectuate the flow of the 
cooling air. 

It is to be noted that the number and positioning of the suction openings 4 and the removal 
openings 12 is not intented to be limited to those shown by figure 2. It is for instance 
possible that the removal openings are disposed closer to the center of the structure and 
the suction openings are disposed closer to the ends of the structure, or are arranged in 
connection with the ends. What is essential here is that the cooling air is drawn into the 
machine by means of suction. 

Figures 3a to 3c disclose one assembly according to the present invention. An actuator is 
mounted to both ends of the motor 10. In the figures the actuator is shown to be a 
compressor 30, but it can be any device requiring rotating input power, such as a pump, a 
gear and so on. 

The compressor 30 is attached directly to the end plate 6 of the motor 10 by means of 
attachment members 32, said end plate operating also as mounting support 5 of the motor 
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and actuator assembly. The attachment members 32 are shown to be formed of sleeves or 
pipe spacers through which conventional screws are extending, said screws being tightened 
by nuts. Other type of mounting can also be used, such as mounting frame or legs etc. 
means adapted for attaching separate members to each other and per se known by the 
skilled person. The essential in here is that the actuator is attached directly to the end plate 
6, which also functions at the same time as a mounting member 5 of the integrated 
assembly. 

Figures 3b and 3c disclose also a shell conduit 34 provided on the motor shell 8, through 
which the cooling air is arranged to be conducted into the motor. The cooling air conduit 
may also include a suitable fan so as to enhance the flow of air. The air is vented through 
the ends 6 of the motor, but in this case in axial direction. An oil tank 36 of a circulation 
lubrication system has also been disclosed to be positioned between the legs 5. However, 
this is only an example of the utilization of this space, and it is possible to place any 
desired auxiliary device into this location. 

Figure 4a discloses as a sectioned view a part of a motor, and more precisely, a portion of 
the other end thereof, showing one solution for implementing the cooling circulation. The 
air which is vented axially through the end is conducted to a heat exchanger means 24 
within a space 23, and subsequently out from the space 23, as is indicated by the arrows. 
The skilled person is familiar with the heat exchanger means, such as the plate heat 
exchanger 24 of figure 4a or tube heat exchanger of figure 4c, and they are thus not 
explained in more detail herein than by mentioning that the operation thereof may be 
based eg. on liquid or gas cooling. 

In figures 4b and 4c a closed circulation has been provided such that the shell 8 of the 
stator space forms an intermediate body disposed inside an outer housing 22 of the motor. 
In figure 4b the cooling medium circulates in a manner indicated by arrows from the space 
between the outer housing 22 and the shell 8 to the stator space 9, wherefrom it is further 
transferred axially to the cooling space 23 by means of the fan means 13. The heat 
exchanger means, such as the plate heat exchanger of figure 4a or the tube heat exchanger 
of figure 4c, are positioned in said cooling space. From the cooling space 23 the cooled 
cooling medium is transferred back to space 25, and it may thus initiate a new cooling 
circle. 

Figure 4c discloses almost a similar construction, but using a radial fan 13, whereby the 
removal of the air from the stator space 9 closely adjacent to the end 6 occurs radially 
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through an opening 12 to the chamber or space 23 between the shell 8 and the outer 
housing. Said space 23 includes a tube heat exchanger 24. 

The medium conduits between the outer surface of the shell 8 and the housing 22 can be 
provided in various manners, such as by grooves provided on the outer surface of the 
shell, or by a clearance between the shell and the housing 22, by suitable bores etc. 
manner readily apparent to the skilled person. 

Thus the invention provides an apparatus and a method by means of which a significant 
improvement is achieved to the prior art. For instance, by means of the invention it is 
possible to improve the cooling and/or ventilation characteristics of the machine. In 
addition, a power output from both ends of the machine is enabled without a risk for 
overheating problems. The number of different parts is also minimized, and the general 
construction of the assembly is simplified. 

It is to be noted that the above examples are not intented to limit the scope of the inven- 
tion, as defined by the appended claims. It is, of course, apparent to the skilled person 
that it is possible to use other fluids or mediums in the cooling as air, such as eg. cooling 
medium based on liquid or gas. 



